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1.0  INTRODUCTION

«

This report presents the findings of the project performed for the U.S.
Army Missile Command (MICOM) on the industrial/government state-of-the-art
in Automatic Test Equipment (ATE) design as it pertains to ATE for missile
systems. This effort was performed under Work Order Number 40, Delivery Order
35 of Contract DAAK40-79-D-0020.

Close coordination was maintained with the Sperry MATE (Modular
Automatic Test Equiment) Program Office to assure that there was no duplica-
tion of effort between the MICOM ATE Program and the USAF MATE Program.

2.0- BIBLIOGRAPHY

The initial effort on this project has been the identification of
specific reports and documentation that pertain to the MICOM task. The
Defense Technical Information Center (DTIC), formerly the Defense Documenta-
tion Center (DDC), prepared three bibliographies using the following search
terms:

0 Automatic Test Equipment - Missile Systems
o Automatic Test Equipment

0 Automatic Test Equipment - NASA

These bibliographies identified approximately 750 reports within the
search categories.

A two- or three-level search strategy was used by DTIC in developing the
bibliography. The Automatic Test Equipment - Missile Systems bibliography,
used a three-level search. An abbreviated example of the search terms used
for that bibliography is as follows:

First Level Search Terms

Automatic
Automatic Test Equipment



Second lLevel Search Terms

Automatic Test Equipment

Frequency Analyzers
Oscilloscopes

Pulse Analyzers
Signal Generators
YEBE Y

Third Level Search

Guided Missiles

Missile Systems
Multipurpose Missiles
Surface-to-Air Missiles
Surface-to-Surface Missiles
Weapon Systems

"Edes"

The state-of-the-art has advanced so rapidly in the ATE field that re-
ports dated 1975 or earlier were, as a general rule, not obtained as they

were basically considered to be of little value.

The Redstone Scientific Information Center (RSIC) was the focal point
for obtaining reports identified in the bibliography reports. In a few
cases hardcopies of documents were obtained from RSIC. However, in the
majority of instances the report was either not available or existed in micro-
film only. Hardcopies were ordered directly from DTIC and took an average of
20 days to receive. Limited and/or classified reports were ordered but have
either not been received as of this report date or took in excess of 45 days
to receive. The delay in receiving reports from DTIC has presented a major
problem which was partially aleviated by obtaining the necessary documentation
from the Sperry MATE Program.

3.0 INDUSTRY AND NOD ATE PROJECTS

Serious past problems associated with the acquisition and use of Auto-
matic Test Equipment (ATE) within the Department of Defense have resulted in




numerous ad hoc projects and/or programs both within the services and jointly
with industry. The more significant of these projects are discussed in this
section.

3.1 The Electronic Test Equipment Task Force

One early effort was "The Electronic Test Equipment (ETE) Task Force of
the Defense Science Board." The purpose of the ETE Task Force, which was
established by DOD on October 25, 1974, was "to examine the greater use by
the DOD of privately developed, commercially available off-the-shelf electronic
test equipment, including modifications thereof, with the goal of achieving
economy and reliability benefits for the several Armed Services and to recom-
mend policies for procedures which will maximize these benefits."

The Task Force approached its work by comparing private business methods
with DOD methods for acquiring electronic test equipment.

The Task Force met numerous times during 1975, and nearly all members
attended every meeting. In each case when a member could not attend, he was
represented by a person with authority to speak for him. At these meetings,
the general public participated in the discussions.

Three Working Groups were formed--Requirements, Procurement Practices,
and Logistic Support. These groups held many meetings, visited various repair
and calibration facilities, and heard presentations by selected agencies and
groups. They also evaluated a great deal of information submitted by industry
and government.

For purposes of the ETE Task Force report, electronic test equipment
included all electronic devices used to measure, gauge, test, inspect,
diagnose, or otherwise examine materials, supplies, and equipment to determine
compliance with requirements established in technical documents. Off-the-
shelf electronic test equipment (OTS ETE) is that electronic test equipment
which is a developed product in regular production sold in substantial
quantities to the general public at an established catalog price. Modified
0TS ETE is any such equipment that has been modified even to a minor extent,
such as by the addition of a military nameplate.



3.1.1 ETE Task Force General Conclusions

Study, analysis, and professional judgemert led the ETE Task Force to
conclude that:

o Collectively, private firms buy more ETE for their own use than the
Military Services and major weapons systems contractors buy for
defense use.

0 Based on consideration of 1ifetime costs, ready availability, and
reliability of equipment performance, p~ivate firms prefer to buy
off-the-shelf electronic test equipment (0TS ETE).

0 When the Military Services buy ETE, they often use or go to the
great expense of preparing a Military Specification or other special
purchase descriptions that precludes the purchase of highly reliable,
competitively priced, and readily availzble OTS ETE. In many cases,
the Military Services go through a costly, time-consuming process
when a suitable item of OTS ETE could be obtained through a
simplified procuremant process to fulfill the essential military

need.

o The use of Military Specifications tends to freeze designs in a
field noted for its dynamic change. As a result, much of the ETE
newly procured by the Military Services fails to take advantage of
advances in design embodied in the latest OTS ETE being produced in
the United States and abroad.

0 Spare and repair parts manufactured to Military Specifications or
other special desigr specifications tend toc be more costly and take
Tonger to procure, produce, and accept than OTS ETE parts that
perform identical functions. Since many parts manufactured
specially for the Military Services are not interchangeable with
their commercial counterparts, large reserve inventories must be
established and maintained to ensure that the parts will be available
in the event of a national emergency.




o The Military Services tend to use highly complex, expensive net-
works of depots to distribute both specially designed and OTS ETE
repair parts. To a very large extent, the military supply networks
tend to duplicate the commercial network for the distribution of
OTS ETE. Use of military depot systems rather than the commercial
network for distributing OTS ETE repair parts far more than doubles
the cost and often prolongs the time taken in providing such parts
to the eventual user.

o The Military Services usually fail to take full advantage of manu-
facturers or other readily available commercial sources for the
repair and calibration of OTS and other ETE.

0o As a result of the foregoing, the Military Services pay more than
private firms for the purchase and logistic support of ETE of equal
value, availability, and reliability.

o The main reasons why the Military Services pay more and wait longer
for ETE and its Togistic support appear to be that the Military
Services tend to overspecify performance requirements for ETE and
military procurement regulations, policies, procedures, and
practices tend to delay and burden the acquisition process and
thereby inhibit the purchase of OTS ETE, the use of OTS repair
parts, and the use of commercial repair and calibration facilities.

o The dearth of cost accounting data in the Military Services tends to
hide the full impact of the indirect and overhead costs associated
with the acquisition and logistic support of equipment built to
Military Specifications and special purchase descriptions.

3.1.2 The Magnitude of Potential ETE Savings to DOD

The ETE Task Force estimated that savings on the order of $80 million
per year would result from prompt and orderly implementation of its recom-
mendations. In large measure these savings may be achieved through greater
use by DOD of privately developed, commercially available off-the-shelf



electronic test equipment (OTS ETE). The following potential savings are
based on conservative estimates using the best available information:

o The Task Force recognized the serious “ack of an adequate DOD cost
accounting system and the Tack of valid cost data. This inability
to provide operational cost visibility may make it very difficult
to identify specific savings that would result from implementing
specific Task Force recommendations. Nonetheless, potential savings
were estimated, and the estimates are believed to be accurate by
the ETE Task Force.

o The Task Force also believed that although several of the recom-
mendations may appear to increase costs as a result of changing
current practices, there should be offsetting benefits. For example,
Recommendation 24 proposes establishing a single manager in each
Service for electronic test equipment. Long-range benefits in
terms of improved acquisition management, Togistic support, and
facility resource utilization should more than offset any short-
range cost increases. In addition, the single manager will provide

a means for assuring optimum implementation of other accepted Task
Force recommendations. To date, only the Army has attempted to
implement this recommendation.

o The Task Force also took into account the probability that some
recommendations would be delayed or not fully implemented for
various reasons. Therefore, allowance was made for this in the
savings estimates.

o It should be noted that the potential savings were not all hardware-
related but also included costs associated with such factors as
people, facilities, transportation, handling, and warehousing.
Therefore, several categories of funds and budget Tline items will be
affected.




~

The potential savings were related by the ETE Task Force to its

‘ recommendations as follows:
Estimated
Recommendation Annual Savings*
Reduced writing of specifications $10,500,000
Procurement simplification 6,200,000
Increased use of bid samples 15,000,000
Use of Army Preferred Item Lists 17,500,000
Greater use of commercial warranties 3,000,000
Direct use of commercial parts support 7,000,000**
Reduced calibration and repair facilities cost 8,500,000
Improved replacement procedures for older
equipment 9,000, 000***
Greater use of commercial manuals 1,200,000
‘ Total estimated annual savings $77,900,000

It should be noted that although only ETE, not ATE, was the subject of
the ETE Task Force's investigations. Many of the recommendations, when
implemented, would produce similar cost benefits to ATE procurements.

3.2  Industry Ad Hoc ATE Project for the Navy

The Quality Assurance Committee of the Aerospace Industries Association
(AIA) and the Quality and Reliability Assurance Advisory Committee of the
National Security Industrial Association Navy Liaison Panels jointly sponsored
a meeting with the Navy Automatic Test Equipment Management and Technology
Office (ATEMAT) on May 20, 1975, in Washington, D.C. The minutes of that
meeting are summarized in AIA release AO-QAC 75-24 dated June 19, 1975. The
recommendations from that meeting, both from industry and the Navy, were that

*In FY'75 Dollars
**Averaged over the first 12 years
***Averaged over the first 10 years. Annual savings reach $30 million after

‘ 8 years.



an Industry group be establisked and, working with Navy Technical Advisors,
resolve many of the problems now being experiencéd in the automatic test
equipment and related fields.

Improvement in the maintenance, testing, and repairing of Navy equipment
in order to reduce logistic costs and increase equipment readiness are
recognized objectives of the U.S. Navy. In October 1975, the Industry Ad Hoc
Automatic Test Equipment Project for the Navy was formed. This project was
given a charter to investigaze 13 key areas of technical and management con-
cern, encompassing the broad spectrum of present and future disciplines
required to effectively use automatic test systems.

The Project consisted of a Steering Committee and 13 Task Groups,
comprising 174 expert technical and management personnel from aircraft,
electronic, test equipment cd>mponent, and computer manufacturers as well as
members of the academic community. The Steering Committee that guided this
effort consisted of 17 members, each with an average of 24 years experience
in all facets of automatic testing.

During the course of the project, a 1-week workshop was held in San
Diego, Califormia, in April 1976, to discuss the research, development, test,
and evaluation aspects of new automatic test systems. This workshop was
attended by approximately 4CC people, representing industry, the Department
of Defense, and the academic community. Working groups were established
to discuss and obtain the opinions of this broad spectrum of people with
regard to research, development, test, and evaluation (RDT3E) of new automatic
test systems.

The establishment of the Ad Hoc Project and its investigations into
automatic test systems were =he direct result of the Navy's concern with the
effectiveness of their present automatic test equipment and its associated
software. The fleet complained that performance objectives were not being met
because their automatic tes: equipment lacked capability, was unreliable, and
was difficult to maintain; and because the lack of automatic testing was
causing workload problems. The overall effect was that mission readiness was

10



being affected. The goal bf the Project was to assess those complaints and
generate a set of industry recommendations to the Navy that would identify
specific areas where improvements could be achieved.

3.2.1 Conclusions

Automatic Test Equipment (ATE) was defined, for the Project, to mean
all types of automatic and semiautomatic test, monitoring, and diagnostic
systems and equipment. This definition was advanced by the Honorable John
Bowers, Former Assistant Secretary of the Navy for Installations and Logistics.

The conclusions and recommendations presented in the Report represent
many different viewpoints, meaning that they often overlap and sometimes
conflict. One thing that industry totally agrees upon is that automatic
testing is an extremely complex and dynamic technology that is absolutely
essential to the support of today's Naval weapon systems. For example, most
new digital systems are so complex that they cannot be tested without automatic
test equipment. It is projected that in the near future all types of electron-
ic equipment will require automatic testing. The primary motivation for
utilizing automatic test equipment will then become one of technical necessity,
rather than just the savings in personnel and the reduction in time to repair.

While automatic testing has made great strides in its technology in the
last decade, much of it is not focused on the DOD's goals and objectives. The
Navy has tended to depend on industry to develop automatic test technology or
to incorporate technology development during the acquisition phase of a
program. It is estimated that for every dollar the Navy spends on acquiring
automatic test equipment, half a cent is spent on research, development, test,
and evaluation in automatic testing. This compares very poorly with some of
the leading electronics companies, who normally spend betewen 2.5 percent and
9 percent of their sales dollars on research and development. Considering the
importance of automatic testing to the Navy and its impact on 1ife-cycle
costs, it is estimated that the ratio of dollars spent on automatic test
equipment research and development to those spent on acquiring automatic test
equipment should be in the range of 4 percent to 6 percent.
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The management of automatic test systems at all levels has been
handicapped by DOD managers' lack of understanding of automatic testing, and
by their failure to make critical program decisions at timely and cost-
effective points in the weapon system development process. It was also con-
cluded that there is a lack of what might be called an "ATE Corporate Memory"
in the Navy, which would allow the lessons learned from one program to be
effectively applied to another.

Inadequate testability in weapon systems, from the circuit level up-
wards, has made automatic test equipment and test programs difficult and
expensive to develop. To this day, there is no precise, quantitative
definition of testability. Unless a real number can be assigned to testa-
bility so that it can be measured and evaluated, support costs will continue
to increase and readiness will continue to suffer.

3.2.2 Recommendations

Figure 1 is a matrix of the five key recomnendations assembled from

all of the Project Task Groups. These recommendations are summarized in the
following:
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Figu-e 1. Key Recommencations
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Improve the management of automatic testing at all levels within

the Navy. It is recommended that management decisions concerning
automatic test equipment and built-in-test features be made at

timely points in the equipment and weapon system development
processes. The Navy should also institute an all-out effort to
establish comprehensive training courses in automatic test technology
for program managers, acquisition managers, and operational
maintenance managers.

Increase the Tevel of Navy funding of research, development, test
and evaluation in the field of automatic testing. A comprehensive
program should be established with funded studies in all phases

of automatic testing. These studies should include automatic test
software, automatic test generation, built-in-test capability,

design for testability, auxiliary systems monitoring, and operational
readiness monitoring, as well as advanced automatic test technology
and systems concepts.

Provide selected standardization for certain areas of automatic
testing. Of particular concern are automatic testing Tanguages and
software, testability criteria and design features, and several areas
of new and emerging technology. Standards should be established for
the interface between the on-Tine automatic test equipment and the
Ships Data Multiplexing System. In the case of off-line automatic
test equipment, the interface with the unit to be tested should be
investigated for similar standardization.

As soon as possible, define "testability" in a numerically precise
and measurable manner so that it may become a design parameter
instead of a design goal. Quantitative testability design features
can then be required in every new technology development, including
electronic, electromechanical, and mechanical systems, at all levels
of design, and for both on-line and off-line conditions.

Establish a Navy automatic test technology center (or centers) to
provide Navy-wide coordination of automatic testing policy, technical

13



development, and program implementation. This center(s) should be
staffed wtih a cadre of automatic-testing professionals who can

provide Navy Prograus and System Commands with policy guidance and
technical informatizn. What is more important, these centers would
enable the lessons learned from previous automatic test equipment
programs to be incorporated into current ones.

Appendix A contains summary task descriptions and the recommendations
for each. These recommendatizns should be of great value to both the Navy
and to industry in solving existing problems and should provide for cost-
effective future.of automatic testing and automatic test equipment.

3.3 Industry/Jdoint Services Automatic Test Project

Serious past problems associated with the use of automatic test equip-
ment (ATE) within the Department of Defense gave rise in October 1975 to the
Industry Ad Hoc Automatic Tesz Equipment Project for the Navy. This Project,
under the sponsorship of 5 industry associations, was chartered to investigate
13 key areas of technical and management concern, including present and
emerging technologies that impact effective use of automatic test systems.

Completion of the Navy Project, the participants in which were 174
technical and management experts from a broad cross-section of the academic
and industrial communities, e icited a request in July 1977 that the Navy Ad
Hoc Committee be rechartered t> address Army, Navy, Air Force, and Marine
Corps concerns. The resulting study is titled "The Industry/Joint Services
Automatic Test Project."

The Project was organized around 17 task groups, charged with focusing
on advanced test technology, zzquisition support, and management considerations.
An Automatic Test Conference &nd Workshop, held in San Diego on April 3-7,
1978, explored these 17 areas in depth, providing a forum through which the
entire automatic test equipmert community contributed to the conclusions and
specific recommendations in tF= Project Final Report. The Project Final
Report was initially scheduled .for completion in early 1979 is now anticipated
to be released in early 1980.

14



The Project was organized around five working committees. The follow-
ing describes the Committees, the Task Groups within the committees, and their
activities.

Committee I on Advanced Testing Technology was charged with addressing
the technological aspects of the Project. It explored the various technical
issues that relate to the overall problem of testing the military prime
mission equipment of today and tommorrow.

The nine task groups into which this committee was divided recommended
to the Joint Services key technical tasks, based on certain initial investi-
gations, with a view to developing the technical base needed for military ATE
support.

Task Group I.A. onSoftware explored novel and improved techniques
relating to the design, implementation, verification, and operation of ATE
system software. Elements addressed included compilers, drivers, operating
systems, translators, firmware, and simulators.

Task Group I.B. on Automatic Test Generation explored such aspects as
modeling techniques for analog circuits and improved generation methods for
digital circuits. It also addressed the ultimate goal of combined analog and
digital test generation.

Task Group I.C. on BIT/Design for Testability addressed the various
methods by which the overall testability of prime mission equipment might be
improved, since test effectiveness is directly related to testability.

Topics explored included basic methodology, built-in-test, means of implemen-
tation, cost/weight/reliability trade-offs, and net benefits.

Task Group I.D. on Nonelectric Test covered such topies as failure-mode
identification, failure predictors, qualified sensors, and performance
monitoring.

Task Group I.E. on New Technology concerned itself with test technology
for such areas as lasers, optical electronics, microwave devices, and radio-

15



frequency devices. As new technology appears in prime mission equipment,
corresponding test technology must be available.

Task Group I.F. on Microprocessors explored the applicability of micro-
processors and high-density Togic to such functions as built-in-test, off-
line fault isolation, and self-calibration. It also addressed reliability
factors, critical-path testina, standardization of microprocessor classifi-
cation methods, memory-testability improvement, and fourth-generation micro-
processor applications.

Task Group I.G. on Advanced ATE Technology examined the overall ATE
system concepts and defined a family of automatic test equipment from techni-
cal and management points of view. Technical considerations included system
architecture, subsystem technclogy, and "blue-sky" approaches. Management
considerations forcused on the family-of-ATE evolution process that maximizes
ability to capitalize on lesscns learned. Areas amenable to standardization
and the feasibility of Joint Service Technology Centers are addressed. The
systems approach is expected to provide synergistic benefits not attainable
through isolated recommendaticns.

Task Group I.H. on ATE Interfaces explored the unit-under-test/ATE
interface, the internal ATE system interface, and the very important man/
machine interface--both audic and visual. Also addressed is the impact of
interface requirements on software, testability, test-program-set development,
system calibration, and autometic test program generation.

Task Group I.I. on Calibration explored the implication of calibration
on automatic test equipment as well as on manual test equipment. Calibration
cycles, self-calibration, automatic calibration systems, and self-test are

some of the significant topics covered.

Committee II on Acquis-=ion Support focused on four areas that have
been persistent and costly problems to each of the military services. Systems
engineering, training, test "anguages, and test program sets are addressed,
with a view to developing a unified approach and recommending technical and

management policies and guidelines for implementation of that approach.
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Task Group II.A., System Engineering. Although automatic test equip-
ment is a critical and costly asset in support of almost every weapon
system, ATE cost and system engineering trade-offs and analysis are seldom
considered in overall system acquisition. This Task Group recommended
analytical tools, techniques, and methods for use in evaluating systems; and
Togistics support and acquisition of automatic test equipment appropriate to
the Joint Services.

Task Group II.B. on Education and Training investigated ineffective
training, which has been identified as a major contributing factor in many
ATE-related problems. Recommendations for a new Training policy in terms of
courses, curriculum, innovative media training methods, and improved operator/
technician and management programs are identified.

Task Group II.C. explored Standardization of ATE Languages without
Timiting innovation in testing and with emphasis on test technology rather
than on computer technology. Topics addressed included the feasibility of a
family of Tanguages, subsets of the language, Tanguage inadequacies, language-
change techniques, compiler portability, and documentation requirements.

Task Group IT.D., Test Program Set (TPS) consists of the application
software, hardware, and associated operator instructions that are required to
test a particular unit or units. TPS cost, effectiveness, and quality are
escalating problems for the Military. The Task Group II.D. worked toward
defining standard TPS elements and control methods, and recommended a common
policy for all the Military Services.

Committee III on Management is charged with addressing the planning,
procurement, deployment, and control of automatic test system resources.

The four task groups into which this committee is divided each address
a specific issue having a bearing on the effective management of automatic
test equipment.

Task Group III.A. on ATE Acquisition reviewed the ATE acquisition
process from concept to deployment. Particular attention was given to such
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matters as contractor-to-DOD transition, contractor perception of needs for
greater acquisition efficiency, the applicability of "f1y-before-buy" to

automatic test equipment, and the reed for ATE corporate memory and data
retrieval.

Task Group III.B. on Ma ntenence Planning and Concepts reviewed the
planning of ATE support concepts, zddressing levels of maintenance from
organizational to depot/facto-y. Particularly stressed was interfaces between
levels of maintenance, develodment of maintenance concepts, and alternative
approaches to conventional support planning.

Task Group III.C. on Resource Management addressed the intermediate-
level shop as a specific area for rore efficient application of support
resources. Since automatic tast equipment represents a major investment at
the intermediate shop, its us2 mus- be integratec with other available
resources, including technicians, spares, repair facilities, and shop
procedures.

Task Group ITI.D. on Bz2nefits Analysis idertified a basis for projecting

what benefits will accrue from implementation of the recommendations of the
Industry/Joint Services Projact Committee. Techriques for the quantitative
measurement of ATE payback were developed.

Committee IV on Conference and Workshop was charged with organizing and
conducting the Industry/Joint Services Automatic Test Conference and Workshop
held on April 3-7, 1978, in San Diego, California.

The Conference objectives were threefold:
o To stimulate an excrange of ideas between Industry and the Military
on technical, manacement, and acquisition-support aspects of automatic

testing.

o To make available to the ATE community a progress report on the
Industry/Joint Serv-ces Putomatic Test “roject.
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0 To provide a forum through which the total ATE community can impact
the Project Final Report.

Committee V on Publications is charged with coordination of all publi-
cation activities associated with the Industry/Joint Services Automatic Test
Project. Its responsibilities include coordination of content, design,
editing, and production.

The Conference and Workshop was held in San Diego, California, April 3-7,
1978, and was attended by approximately 820 people.

3.3.1 Conclusions

The Industry/Joint Services Automatic Test Project made two observa-
tions that applied to each recommendation. These were:

o Similar problems are experienced by all Services.

o Few problems can be traced to a single cause; rather, a high level
of interdependency exists.

It was concluded that because of this interdependency, actions taken on
implementing the recommendations in the management area will mutliply the
potential for benefits from the technical recommendations. This interaction
also exists between the disciplines of Integrated Logistic Support and
Automatic Test Equipment. It was concluded that the actions outlined in DOD
Directive 5000.XX, Acquisition and Management of Integrated Logistic Support
for Systems and Equipment, are supported by the findings of the Project.

3.3.2 Recommendations

The Industry/Joint Services Automatic Test Project made 11 key
recommendations. These 11 summary recommendations are the result of 110
individual recommendations made by the 17 task groups. These recommendations
are presented in this section in order of priority. The importance placed on
these recommendations by the Project is emphasized in the following quote from
the Executive Summary:
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"Unless we invest now to anticipate and solve tomorrow's problems,
we will continue to react rather than control. We will settle for
less operational readiness tian we need, at a cost higher than we
can afford."

From the time the Task Groups met to discuss recommendations until the
final recommendations were developed, a period of 6 or more months elapsed.
During this time a new technology thrust for very-high-speed integrated
circuits has been initiated, and th2 use of microprocessors has accelerated.
Both of these continuing events havz an undefined impact on the final
recommendations.

The following paragraphs discuss the 11 recommendations and include a
brief description of the problem. This information has been taken from the

Final Report, Executive Summary.

1. Organization, People, and Funding

a. Problem: Despite an abundance of procedures, directives,
specifications, and other documents governing maintenance
planning, few complex weapon systems have been deployed with
an adequate support capability. This paradox has its origin
during the early phases of the acquisition process, when
support authority is most needed but least effective, largely
because resources are too easily allocated to more immediate
problems.

b. Recommendations:

0 Provide for an 0SD-mandated policy which imposes supporta-
bility requiremerts for acquisition of military systems,
starting at the conceptual phase.

o Establish a focai point within the Office of the Secretary

of Defense for advocacy and coordination of automatic-test-

related matters.
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0 Implement the above-mandated policy at the individual
Service level by establishing centralized organizations
with appropriate accountability, budget control, and
responsibility for interservice coordination.

o Provide career paths and motivation for retention of manage-
ment and critical technical personnel, both military and
civilian. '

2. Military Equipﬁent Design

a.

Problem: The ability to test military equipment efficiently

is prerequisite to supportability. Testability, as a design
discipline, is currently inadequate because there is no
accepted method for measuring it and no mechanism for imposing
and enforcing it during the equipment design phase.

Recommendations:

o Develop verifiable testability requirements.

o Impose these requirements on the prime-system/automatic-test-
system design process and take measures to ensure compliance.

3. Specifications, Directives, Controls, and Deliverables

a.

Problem: Logistic-support directives, specifications, and

standards are not applied uniformly or early enough in the
acquisition process. Contract Data Requirements items are
redundant and duplicative across the Services, and have
proliferated to satisfy individual requirements.

Recommendations:

0 Impose standardized Contract Data and Automatic Test
Requirements documentation as program planning and 1ife-
cycle cost control deliverables.
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o Require appropriate tailored versions of Logistic Support
Analysis/Logistic Support Analysis Record (LSA/LSAR)
development procedures early in weapon-system acquisition.

4. Nonelectronic Test Development

a. Problem: Lack of effective automated maintenance equipment
currently results in degraded equipment availability, and
excessive turn-around times and costs associated with

logistic spare-parts reclamation.

b. Recommendation:

o Accelerate the application of automatic test in support of
nonelectronic systems and equipment. Technology is
available which can significantly improve readiness and
fuel efficiency, and significantly reduce life-cycle cost
and maintenance man-hour requirements.

5. Test Program Set Development and Management

a. Problem: Although Test Program Set costs exceed hardware
cost, they are less predictable and less controllable.
Moreover, there is no common definition of what constitutes
a Test Program Set among designers, suppliers, and Government
agencies. As a consequence, the user receives a different
support and maintenance data package of varying quality with
each automatic-test acquisition.

b. Recommendations:

o Define and establish controls for acquisition and maintenance
of Test Program Sets, including test software, interface
hardware, and data.

o Support the development of automated test-program-generation
systems.
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0 Support ATLAS as the common Joint Services test language.

6. Automatic Test Technology Development

a.

Problem: New-technology devices in developmental weapon

systems pose test problems that cannot be solved using
traditional test techniques. Support-equipment developers
need advanced test techniques and advanced automatic-test
system architectures appropriate to these increasingly complex
test requirements.

Recommendations:

o Establish continuing technology-development programs in
specific aspects of automated test where the payback
potential is high.

0 Support a technology-forecasting activity for timely
identification of technology advances destined to impose
new automatic-test requirements or to enhance automatic-
test capabilities.

7. Data Banks and Models for Life-Cycle Costing, Logistics Support

Analysis, and Technology Assessment

a.

Problem: Within the Department of Defense, there are many

similar but separate data banks, each with its own access
procedures. The diversity of models and their implementation
further weakens the integrity of the systems engineering
process. The result is a less than optimum interchange of
Joint Services and industrial information.

Recommendations:

o Establish common models and Logistic Support Analysis
techniques tailored to the systems engineering process
during various phases of acquisition.

28



o Establish a linking data-bank network to improve data
commonality and the ability to use lessons learned across

the Services.

8. System Software Development and Maintenance

a. Problem: The development of automatic-test system software is
a complex process, which differs subtly from that for other
DOD software. Unfortunately, there is no consistent, top-down
understanding of the complex hardware/software relationships
involved. As a consequence, cost reduction and control are
ineffective, and software maintenance is unnecessarily hampered
by the many versions of nonrehostable, proprietary software
products that are developed.

b. Recommendations:

o Rigorously define software 1ife cycle and requirements for
configuration control and quality assurance.

o Develop guidelines for configuration management and for the
maintenance of automatic-test system software.

9. Metrology and Calibration

a. Problem: The establishment of test-system tolerances and
accuracy requirements is hampered by the absence of technical
criteria and discipline. Typically, test-system specifications
are characterized in terms of component measurement and .
stimulus units. Few automatic test systems have been specified
to a common reference point or take into account the effects
of interfaces and adapters. The consequences: trial-and-error
software changes, arbitrary accuracy derating, and unnecessary
removal of units for calibration.

b. Recommendations:

o More actively involve Metrology/Calibration Centers at an
early stage in automatic-test design and support functions. ’
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o Involve the National Bureau of Standards in basic measure-
‘ ment standards and support research in technique development
for in-place traceability.

10. Training

a. Problem: The effective skill levels of the automatic-test
operator and maintenance technician are increasingly over-
whelmed by the requirements of contemporary technology.
Supervisor training is particularly weak and, aggravated by
lack of motivation, results in a high rate of turnover among
the better people. Training still relates to basic skills
and traditional training methods, creating a mismatch between
the instructional methodologies used and the highly sophisti-
cated equipment involved.

b. Recommendations:

o Plan, formalize, develop, and fund innovative approaches
to the training of support-equipment operators, maintenance
‘ technicians, and shop supervisors.

o Establish formal training courses for personnel at all
levels -- acquisition managers, engineers, and technicians.

11. Maintenance Shop Productivity

a. Problem: The Maintenance Shop Supervisor is hampered in his
management of support equipment resources by the absence of
real-time data on such items as status, priority, production,
manning, and inventory; automatic processes cannot be
efficiently managed thfough notes made on the back of an
envelope with a stubby pencil. Contemporary automatic test
equipment requires a controlled environment and a stable power
source for proper operation. It contributes an excessive level
of added acoustic noise to the work area, and currently suffers
from excessive downtime for calibration and repair, as well as

‘ from too many and too complex interface devices.
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b. Recommendations:

o Improve support-equipment design and system performance by
better integrating such specific Integrated Logistic
Support elenents as reliability. maintainability, and
human factors.

0 Establish career paths and provide adequate incentives to
ensure retention of automatic-test trained and experienced
personnel, both military and civilian.

o Develop and impiement a real-tire-management-information
function under local control, tc service the larger,
automatic-test-equipped maintenance shops and to monitor
productivity.

o Integrate facility environmental needs into shop-site
planning.

3.3.3 Follow~On Activities

The Industry/Joint Services Automatic Test Project represents,
conservatively, a 45 man-year effort of study. The success of the Project has
been acclaimed even prior to the release of the final report.

In response to a request from the Joint Logistic Commanders (JLC) Panel
on Automatic Testing, the National Security Industrial Association (NSIA) has
decided to sponsor the continuation of this vital liaison between industry and
government through the establishment of an Ad Hoc Automatic Testing Group.

It is anticipated that many of the participants in the new group will be a
carryover from the previous project, thereby providing continuity of effort.

The prime purpose of tke Ad Hoc Automatic Testing Group is to provide

assistance and guidance to the JLC A.T. Panel in implementing the many
recommendations of the Industry/Joint Automatic Testing Project.
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A Steering Committee meeting for the Automatic Testing Ad Hoc Group
was held on January 23, 1980. Both Steering Committee Members and Steering
Committee Advisors attended the meeting. Chairman of the Conference Arrange-
ment Committee and the Program Committee Chairman presented their program
recormendations to the Steering Committee for review and approval.

The first major activity planned for the new group is a Conference/
Workshop to be held in San Diego the week of June 7, 1980. Eleven major
subjects recommended by the Joint Logistics Commanders Automatic Test Panel
will be covered. Each session will have joint chairmen representing both
industry and the military.

As indicated above, the prime purpose of this Ad Hoc Automatic Testing
Group is to provide both assistance and guidance to the Joint Logistic
Commanders Automatic Test Panel in the implementation of the recommendations
made by the Industry/Joint Services Automatic Testing Project. This is a
VERY significant step and, if carried out with cooperation of the Services,
can result in a unified appoach to ATE, its acquisition and effective utiliza-
tion. Besides the obvious cost savings to be realized, the weapon system
utilization should increase thereby improving readiness. Through this Joint
Military/Industry action, the many preplexing problems which hampered effective
utilization of Automatic Test Equipment should be resolved. This effort
should be closely monitored by all groups involved in ATE.

3.4  The Army Task Force on Automatic Test Support Systems

The U.S. Army's Automatic Test Support System (ATSS) Task Force is the
direct result of the Army establishing the Office of Project Manager, Automatic
Test Support Systems (PM ATSS) in July 1976*. This office embarked on the
development of standards for ATE hardware and software. The implementation of
an ATE standardization policy gave rise to the following questions:

1. Should standardization be established at the commodity command or
Army-wide level; i.e., should the Army employ two or more types
of general purpose testers or only one?

*In February T979, PM ATSS changed its name to PM, Test Measurement and
Diagnostic Systems (TMDS).

27



2. At what points in time should standard testers and the Army
standard language be introduced?

3. Who will manage the development and configuration control of the
standard mechine(s) and test language? At what level of detail will
central management end and commodity and PM management begin?

4. How quickly can small suitcase testers be introduced to improve
readiness in the division and reduce thz need for large GS ATE?

The need for prompt decisions on these and >ther issues related to ATE
standardization resulted in a directive issued in December 1976 by DARCOM
Headquarters establishing a TRADOC/DARCOM Automatic Test Support Systems Task
Force. This Task Force convened on January 10, 1377 and terminated on March
24, 1977 at Fort Monmouth, New Jersey.

To provide guidance for the Task Force effort and a review of the
results of the investigation, a steering group was established. Members of
the steering group were general officers representing DA, TRADOC, and DARCOM;

representatives of the DOD, the Air Force, and the Navy; and consultants.
Industry was not represented on this task force. However, the task force
conducted a survey of industry to assess present ATE capabilities and held
numerous discussions with many companies involved in various aspects of ATE.

General guidance was provided by DARCOM for assessment of the current
Army ATE posture and development of an optimum ATE acquisition strategy for
the future. Specifically, tre Task Force was organized to investigate the
technical feasibility, employment concepts, and operational desirability of
developing a family of Autometic Test Support Systems to be used for the
maintenance of Army materiel. This included forrulation of interim and long-
range ATE approaches for majcr subordinate commards and program managers and
a plan for future ATE development and acquisition.

The Task Force was divided into four groups, concerned, respectively,
with Integration, Capabilities, Materiel Developer Requirements, and Doctrine/
Training. These groups defined and outlined the "key issues" assigned to them,

28




accumulated and analyzed data, and summarized the results in reports, charts,
matrices, and tables. These summaries were exchanged between groups for
further analysis and comment. The Integration Group (representatives of
TRADOC, DARCOM, MSCs and PMs, and AMSAA) then synthesized the results of the
analyses and formulated the conclusions and recommendations presented in a
report.

A list of major decision issues was compiled on the basis of DARCOM
guidance and judgements made by members of the Task Force. The determination
of answers to these questions became the major objective of the study. A
1ist of these questions follows:

1. What degree of standardization should the Army seek; i.e., should
one machine or family of machines become Army-wide standards or
should each commodity command establish its own standard machine or
machines? Alternatively, should each program buy or develop special
or general purpose ATE suiting his needs?

2. If Army-wide standardization is undertaken, what family of hardware
should be selected? Should the ATE selected be a Government-
developed, Government-owned design or off-the-shelf commercial
hardware? What degree of ruggedization is required to meet mobility
and environmental requirements?

3. At what points in time should Army standard ATE and the standard
test language be introduced?

4. What is the appropriate mix of ATE types for each type of general
support shop; i.e., what types of more specialized testers should be
included in the standard family to supplement the large general
purpose machine?

5. How should ATE development and standardization be managed? What

should be the relationships between concerned activities in this
process?
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In consideration of the breadth of the assigned tasks and the limited
time available, the decision was made by the Task Force to limit its 2-month

effort to issues 1., 2., 3., and 5., leaving the question of ATE mix for
future investigation. Other problem areas, excluded from intensive examina-
tion for the same reasons, were the applications of ATE at direct support and
organizational levels and the cost-effectiveness of the current doctrine
requiring printed circuit card repair at the general support shops.

These decisions, in effect, 1imited the 2-month effort of the Task

Force to consideration of large general purpose testers employed at general
support and depot operations. The assumption was made that there is suffi-
cient need for the general purpose tester to justify at least one machine of
this type in each of the missile, communications electronics, and avionics
general support shops. This assumption is supported by the selection of a
general purpose machine by a number of PMs and by the fact that expected shop
work loads contain a sufficient number of complex, low-density units under
test (UUTs) to establish an area of usefulness for the large machine.

3.4.1 Conclusions and Recommendations

The Task Force Final Report on Automatic Test Support Systems (ATSS)
contains conclusions, recomrendations, and unresolved issues. However, this
information was not included in the sanitized, unclassified version of the
report.

4.0 EXISTING MAJOR ATE SYSTEMS

This section is intended to provide a brief overview of major ATE
systems in use by the Navy, Air Force, and NATO.

4.1 Navy ATE

The U.S. Navy has developed a large scale ATE system called the
Versatile Avionics Shop Test (VAST) System to provide a general-purpose,
intermediate-level maintenance capability for the Navy's avionics equipment.
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The VAST System is a second-generation test system incorporating state-
of-the-art improvements. It is a computer-controlled, general-purpose test
system providing the broad range of stimulus and measurement capability
required for automatically testing and troubleshooting aircraft avionics
equipment.

The basic reason for the development of the VAST was for the Navy to
meet the problem of increased complexity of avionic systems and special sup-
port equipment within the limited space capabilities of the aircraft carrier.
The evolution of the VAST started through a study entitled "Naval Avionics
Support Equipment Appraisal” sponsored by the Bureau of Naval Weapons, now
NAVORD. This study recommended the following:

o Develop a general purpose computer-controlled test system which can
be adapted to changing avionic shop test requirements and lower the
technical skill level required.

o Promote avionic design to be compatible to automatic test equipment
(ATE) maintainability features.

0 Make increasing use of built-in test equipment (BITE).

The VAST System's hardware is made up of three major subsystems:
(1) the computer, (2) the data transfer unit, and (3) the stimulus and measur-
ing section.

The computer subsystem is made up of a control computer, magnetic tape
units, and an input/output console. The data transfer unit is made up of the
display panel, keyboard panel, and maintenance panel. The stimulus and
measurement section is made up of building blocks, unit under test (UUT),
interface panels, and station cabling.

Perhaps the key to the versatility of the system is the building block

section. This section is made up of 45 different blocks which contain various
types of electronic equipment which can simulate and record various types of
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conditions required to test the avionics of various aircraft. Some of the
building block equipment is listed below.

VAST Building Block Equinment

RF Test Point Pressure Generator

Control Switch Function Generator

Digital Multimeter Impedance Meter

Frequency and Time Interval Meter Low Frequency Wave Analyzer
Digital Word Generator Nanosecond Pulse Generator
Delay Generator Pulse Gene-ator

RF Amplifier, 95 Hz-2 GHz Spectrum Analyzer

RF Amplifier, 2-4 GHz Peak Power Meter

RF Amplifier, 4-8 GHz RMS Voltmeter

RF Amplifier, 8-12.2 GHz Noise Figu~e Meter

Signal Generator, 0.1 Hz-50 kHz Average Power Meter

Signal Generator, 10 kHz-40 MHz Programmable Oscilloscope
Signal Generator, 20-500 MHz Ratio Transformer

Signal Generator, 0.95-2 GHz Low Voltage DC Power Supply
Signal Generator, 2-4 GHz DC Power Supply, 22-32 Volts
Signal Generator, 4-8 GHz DC Power Supply, 30-500 Volts
Signal Generator, 500 MHz-1 GHz DC Power Supply, 0.5-1 kV
Signal Generator, 8-12.4 GHz DC Power Supply, 1-20 kV
Signal Generator, 12.4-18 GHz AC Power Supply

Feedback Simulator Precision Resistive Load
Synchro/Resolver Standard High Power Resistive Load

Phase Sensitive Voltmeter

The VAST System also has self-test capability at one of three levels:
(1) auto-check, (2) self-check, and (3) self-test. This helps to assure the
overall reliability and ease af maintaining this complex automatic test system.

The VAST System is designed to be used at tie Avionics Shop level as
opposed to the flight line or organizational level. This means that faulty
avionic or subsystems or "black boxes" are removed from the aircraft and tested
on the VAST. The VAST then isolates the fault down to the module level so
that replacement of the defective module can be made.
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4.2 Air Force ATE

4.2.1 The Air Force General Purpose Automatic Test System (GPATS)

GPATS was originally conceived as a general purpose ATE system that
would be utilized as ground support for the more advanced U.S. Air Force
aircraft. The first utilization of GPATS was for the avionics of the F-111A
at the depot level. As the GPATS Program evolved, it became apparent to
the Air Force that GPATS would not prove cost effective for all units to be
tested.

GPATS has the capability to test 80 to 85 percent of today's analog
avionics. However, GPATS does not have digital testing capability which is a
serious drawback to the original concept of a general purpose ATE system for
aircraft.

4.2.2 Modular Automatic Test Equipment (MATE) Program

In the recent past, the Air Force System Program Office (SP0O) had the
responsibility of specifying, developing and acquiring initial test equipment
as part of the weapon system package. For cost avoidance reasons, the Air
Force specified the use of existing test equipment for new aircraft wherever
technically and economically practical. It has become apparent that require-
ments exist to further reduce cost in the test area by technically addressing
increased commonality of test equipment across aircraft subsystems and by
addressing cost effective management tools. Historically, problems in these
areas have concerned inadequate coordination of the concurrent development of
test equipment and avionics. Difficulties arose due to poor definition of
interface and test requirements. The overall result of these development
problems has been a lack of confidence in the resultant test equipment and
an inability to compete previously developed equipment due to the lack of
good interface and test requirement documentation.

In an aftempt to reduce these problems confronting the SPOs, the USAF
Program to develop a family of Modular Automatic Test Equipment (MATE) has
been established. It is expected that the MATE R&D efforts will provide
future weapon systems program offices with a standard family of MATE with
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appropriate standards and specifications. The MATE will be used to support
their systems while reducing &D funds and adverse schedule impacts. A
standard MATE family will permit interchangeable modules (hardware and soft-
ware) to be used at all levels of maintenance. The use of common ATE and
common test programs will recuce the problem of units passing tests at one
level of maintenance and failing at another level. Accurate and repeatable
testing will reduce the excessive cost of sending good components to depot
for repair or in the worst cese, returning bad items to supply for reissue.

The objectives of the total MATE program are to:

0 Reduce Tife cycle ccsts of weapon system support and ATE.

0 Reduce proliferatior of ATE.

o Improve operational itility and test efficiency.

o Improve ATE management.

The overall MATE program objective will be achieved through an incremen-
tal program. The initial secment of the MATE program is the MATE system
contract, which will develop and demonstrate the:

0 Design concepts for MATE

0 Design procedures and guides which provide for the consideration of
testability in the design of avionics and test equipment systems.

0 Acquisition/application guides for the planning and implementation of
avionics systems maintenance support.

In the follow-on increment of the MATE program, a prototype MATE System

will be developed, and the evaluation and refinemznt of the MATE System end-
products will continue.
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4.3 NATO ATE

The REMUS is an automatic test system program whose objectives are to
provide the Federal Republic of Germany armed forces with standardized ATE
hardware/software at the general support maintenance level. The REMUS concept
calls for computer-controlled ATE composed of standard building block elements
to handle the four major functional categories of testing--low frequency ana-
log, digital, high frequency, and microwave. The United Kingdom Royal Navy
plans to procure 90 ATEs for use in contractors plants and depots to support
several torpedo and missile weapon systems.

5.0 STATUS OF ATE IN THE ARMY

This section is not intended to cover all Army ATE but does address those
ATE systems considered of historical or technical interest.

5.1 Depot Installed Multi-Purpose Automatic Test Equipment (DIMATE)

One of the first major Army initiatives into the utilization of ATE was
started in the early 1960's, when a program was approved to design and install
comprehensive (by standards of that period) automatic test equipment at the
three CONUS electronic depots. This system, DIMATE, was designed to perform
end-to-end checkout and diagnostic testing of electronic equipment. DIMATE
was first installed in 1964 at Tobyhanna Army Depot, with other DIMATES 1later
installed at Sacramento Army Depot and Lexington Blue Grass Army Depot. These
systems are still operational, but are considered technically obsolete, and
some recent efforts have been initiated toward replacing the DIMATEs.

5.2 General Purpose Automatic Test Equipment (GATE)

DIMATE was followed by another effort to utilize automatic test equipment
at two CONUS depots with the installation of GATE configured around a
commercial Hewlett-Packard 9500 system. This system, installed in 1970, was
designed to test and diagnose the anti-intrusion electronic sensors (antilog)
developed by the U.S. Army Mobility/Equipment Research and Development Center.
These systems are presently in use at Tobyhanna Army Depot (TOAD) and
Sacramento Army Depot (SAAD).
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5.3 Digital Automatic Card Tester (DACT)

In 1970, a system called DACT was installed at two (TOAD and SAAD) of
the CONUS electronic depots. These digital card testers were installed to
provide support to the AUTODIN cards. While the GATE at TOAD is used to
support AUTODIN cards in a production mode, the backup GATE at SAAD was
subsequently programmed to support some of the DIMATE cards. These General

Dynamics-designed units were configured around a Hewlett-Packard 9500 base
and consist primarily of off-the-shelf commercial test equipment.

5.4 Depot Multipurpose Automatic Inspection and Diagnostic System (Depot MAIDS)

Another automatic test equipment installed in a CONUS depot was the Depot
Multipurpose Automatic Inspection and Diagnostic system (Depot MAIDS). This
system, installed at Letterkenny Army Depot (LEAD) in 1971, was intended to
provide preteardown inspection, diagnostic evaluations, and fianl run-in for
the select tank automotive engines. This system consisted of computer-
controlled dynamometer test stands and was programmed to test the AVDS 1790
series engine and some automotive transmissions.

While the concept of Depot MAIDS was never technically refuted,
implementation was partially defeated by certain Army depot decisions (i.e.,
LEAD was not selected for a major tank rebuild program). A major tank rebuild
program would have resulted in Depot MAIDS being used more for pre-overhaul
testing, where the greatest potential savings would have resulted. Instead,
LEAD received engines that were removed from vehicles and returned to the
depot. These engines often had been cannibalized without the resulting holes
being plugged. Rainwater entry into these engines ensured that overhaul,
whether originally needed or not, was required by the time the engine
reached the depot.

While Depot MAIDS did not fulfill its potential as a pre-overhaul
diagnostic tool, its performance in a role as a final checkout station proved
valuable, and a follow-on program to the Depot MAIDS has been proposed.

This program includes the installation of computer-controlled dynamometer
test stands at Anniston Army Depot (ANAD)
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5.5 Army Depot Automatic Diagnostic System ( ADADS )

Another Depot ATE is the Army Depot Automatic Diagnostic System (ADADS)
designed to test Laser Range Finders (LRF) and the M60A1/A3 Add-On
Stabilization systems. Frankford Arsenal proposed to design and build an
LRF system in FY'74, with contractual efforts initiated early in FY'75.

In 1975, Frankford Arsenal also proposed to modify this system to accomplish
testing of the M60 series Add-On Stabilization subsystems.

5.6 Missile Automatic Test Equipment (MATE)

During 1974, the U.S. Army Missile Command experienced problems re-
plenishing the circuit cards for the Improved Hawk. These cards had been
designated throwaway, consistent with the maintenance concept of that period.
Problems resulted partially because Army logistic planners made assumptions
about support parameters that they could not control. 1In this case, an
assumption was made that the circuit card throwaway rate would be equivalent
to the card failure rate. This turned out to be inaccurate because in most
cases, the Improved Hawk diagnostic procedures only fault-isolated to a
group of cards. Another assumption made was that an infinite number of cards
could be procured from the contractor for the 1ife cycle of the Hawk system.
This was also incorrect since contractors have little incentive to supply
Circuit cards after production and certainly will not jeopardize current
production-line operations to be.responsive to a fielded system.

As a result of these and other problems, the Hawk Office contracted for
the system contractor to test and return good (incorrectly diagnosed) boards
and to rebuild bad boards rather than manufacture new ones. The expense of
this alternative, while less than throwaway, led to the U.S. Army Missile
Command's obtaining three excess automatic test equipments from the SPRINT
program in 1975. These systems, since renamed Missile Automatic Test
Equipment (MATE), are basically Hewlett-Packard systems with some Martin
Marietta-peculiar instruments and interface circuitry.

5.7 Theatre Readiness Monitoring Facility (TRMF)

Another Depot level ATE that is used with the Improved Hawk is called the
Theatre Readiness Monitoring Facility (TRMF). There are presently three of
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these systems; one installed in Europe, a second at Red River Army Depot
(RRAD), and the third in Korea. These systems are large, fixed-Tlocation
facilities used to automatically test and recertify the Improved Hawk missile
rounds. This missile recertification is performed on a periodic sampled basis.
Missile rounds found to be inoperative by this metiod are also rebuilt by this
facility. These facilities are considered Quality Assurance test facilities
and are managed by the Directorate for Quality Assurance, HQ DARCOM. These
systems were initiated about 1970, and the last unit was installed in Korea

in January 1977.

5.8 TOW/COBRA

In 1975, while the U.S. Army Missile Command was processing and renovating
the three excess MATES, the TOW/COBRA Project Office was in the process of
selecting an ATE system. The U.S. Army Missile Ccmmand was requested to
standardize its ATE or adopt an existing other maZor ATE system already in
development or in the Army inventory. The eventual decision made was to
develop a special TOW/COBRA ATE called Fully Autormatic Diagnostic Equipment
(FADE) configured around a Hewlett-Packard 9500-based systems. Special ATE
capabilities, in addition to those required for TOW/COBRA, were also
contracted for. These features included a computer-generated stimuli sub-
system and a sampled measurement subsystem. The “eason provided for adding
the additional capabilities was to develop a state-of-the-art ATE system to
satisfy other MICOM ATE requirements and be consistent with the ATSS Program.
The TOW/COBRA Project Office also decided to develop a government-owned ATLAS
compiler for their ATE system. The decision to contract for this ATE system
in lieu of adopting an existing system was based on the extremely tight
developmental schedule for the TOW/COBRA.

5.9 Land Combat Support System (LCSS)

Only a relatively small number of ATE systems have been developed for
use in the field Army environment. The largest field Army ATE investment is
represented by the Land Combat Support System (LCCS). The system was
initiated in 1964, with fielding beginning in 1967. The U.S. Army Missile
Command decided to develop a single ATE system to support four separate land
combat missile systems. Systems supported by the LCSS are the SHILLELAGH, TOW,
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LANCE, and DRAGON. The LCSS was attacked by skeptics during its development
and critized afterward by users because of numerous technical, supply, and
training problems. While some of the critism of LCSS was justifiable, other
LCSS criticism actually reflected shortcoming of the planning efforts. For
example, a shortage of the MOS 27B personnel required to operate the LCSS
impacted the overall efficiency of this system. Problems keeping repair
parts also caused low availability for the LCSS. Both examples demonstrate
pitfalls inherent in assuming optimistic values for support parameters beyond
the control of the concept planner. Irrespective of problems experienced by
the LCSS program, it did demonstrate that general purpose ATE could be
developed to support several systems and that the ATE could operate in a
field environment. Presently, there are 44 LCSS in the Army inventory and
there are no plans to field additional systems. Several product improvement
programs (PIPs) have been propsed to LCSS to upgrade these aging systems.
These PIPs range from component replacement to reconfiguration of LCSS into
a single van.

The LCSS provides a high-speed automatic test facility and a repair
facility for Direct Support (DS) and General Support (GS) to the SHILLELAGH,
LANCE, TOW, and DRAGON missile systems. The system consists of three major
equipments.

The Guided Missile System Test Station is a digital-controlled automatic
electronic test set. It consists of rack-mounted power, stimuli, switching,
measuring, optical equipment, and a clean booth. Digital control of the system
is accomplished by a perforated tape or, under certain maintenance operations,
a manual keyboard. The unit can make static and dynamic self-tests of its
control, switching, stimuli, and measuring equipment. It is fault-isolated by
continuous monitoring devices and programmed self-tests. The test set is
designed for transportation in combat areas on standard military wheeled
vehicles, by fixed wing aircraft, by rail, by ship, and by landing craft.
Skids, towing eyes, and 1ifting eyes are provided on the shelter structure.

Guided Missile System Shop Equipment is commonly known as the repair and

storage group. It is a shelter-housed manual test, repair, and storage unit
for supplementing the maintenance and repair facilities of the test station.
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The engine generator set is a trailer-mounted, liquid-cooled diesel
generator that provides 45 kW of power at 120/208 volts and 400 Hz.

The test station uses two levels of taped programs--a system self-test
program and individual LCSS UUT programs. Specifically designed taped
programs or manual test procedures are used to test and fault-isolate UUTs.
Assemblies essential to the automatic operation are tested in the system
(in rack). Those not essentiz]l to the automatic operation are tested on the
bench (removed from the system). For tape tested items a programmed series
of tests are performed, and the printer prints instructions to aid the
operator in conducting the program. When a malfunction is detected in a UUT,
these printed instructions guide the operator with proper corrective action.
When manual test or repair procedures are required, the printed instructions
direct the operator to UUT fault-isolation and repair instructions. For non-
tape tested items, the technical manuals contains the manual tests and fault-
isolation procedures necessarv to correct the fault. Repair procedures are

also provided.

5.10 Electronic Quality Assurance Test Equipment (EQUATE)

The effort on the Electronics Quality Assurance Automatic Test Equipment,
designated AN/USM-410, dates back to the early 1960's when the U.S. Army
Electronics Command (ECOM) proposed to develop standard automatic test
equipment to be used as factary production-line Special Acceptance and
Inspection Equipment (SAIE) for electronic equipment. Subsequent to this
effort, a proposal was made in 1966 to develop a field version of this
equipment for a Computer-Controlled Automatic Test Equipment (CATE). In 1969,
due to problems encountered curing manufacturing testing of several radios,

a technology program was initiated at ECOM to develop an array of test
equipment to facilitate factcry testing. This effort resulted in the develop-
ment of a Special Acceptance Test Equipment (SATE).

Many factors prevented tie formal approval of a CATE requirement. However,
ECOM continued their EQUATE contractual effort and produced their first EQUATE
in 1973. The overall charactaristics of the system are based upon third
generation technology; i.e., maximum use of the computational capability of
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the central processor to reduce hardware size and limited power requirements
for tactical portability. It has full analog and digital capability from DC
to 18 GHz and is modular with respect to both hardware and software. It is
modular with respect to stimuli and measurement as a function of frequency.
There is a separate microwave rack to cover the 500 MHz to 18 GHz range,
where required, and a programmable interface unit (PIU) with 128 fully
programmable pins, each of which can be connected to any stimuli or measure-
ment function. The PIU is required primarily for heavy digital workloads.
EQUATE uses an adapted ATLAS as the test programming language with a FORTRAN
intermediate code, and program generation and validation can be undertaken
directly on the test station.

The initial military feasibility of tactical ATE was demonstrated at
Project MASSTER, Fort Hood, Texas, May-December 1975, utilizing serial number
1 mounted in a semitrailer van. The test was highly successful and demonstrated
many advantages over manual testing methods with respect to test time,
reproducibility of test results, and improved mean-time-between-repairs. It
also indicated that current maintenance personnel could be trained to perform
these functions.

In the Army during the past decade, the interest and need for automatic
test equipment has continued to grow due to the increasing number of new
communication-electronics systems being developed which were dependent upon
computer control for their operation. Independent analyses confirmed that the
only viable way to maintain these systems in the field was by the use of an
automatic test system of at least equal capabilities. Further, TRADOC
established a policy that all new weapons systems undergoing operational and
developmental tests should be supported with the same complement of test
equipment which will subsequently be used in the field. To date, deployment
has been at Army depots or contractor's installations for the development of
test programs or demonstration of field maintenance concepts.

The Department of the Army has made a recent decision that the field

support requirements for EVW-SIGINT systems are urgent and has directed that
an engineering development program be undertaken to provide the ruggedization
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of the AN/USM-410, which was initially designed as a factory type equipment.
Some additional ruggedization will be required with respect to the mechanical

rigidity of the racks, drawers, printed circuit boards, card connectors, and ‘
retainers. Consideration is zlso given to provide improved circuit protection
against water condensate and to:

0 Provide a full self-test capability to simplify logistics support.

0 Expand capability and flexibility of the system to make it more
adaptable to some of the future requirements.

0 Improve modularity and human engineering of the rack arrangement.

The overall goal is to have available in the field, in the 1983 time-
frame, a tactical ATE system compatible with the general support requirements
of new weapons systems which will be introduced into the inventory within
that time. However, it should be noted that each AN/USM-410 is expensive and,
to date, only limited numbers have been procured.

The system referred to &5 GS/ATSS (General Support/Automatic Test Support .
System) consists of Automatic Test Equipment AN/USM-410 and the Electronic
Repair Facility (ERF).

The test station, consisting of four cabinets and rack assembly, is
fully automatic and uses the IEEE internal bus and an ATLAS compiler. Test
program storage is on magnet‘z tape, punch tape, and/or disk storage.
Controller peripherals includ=:

Data Recorder
Line Printer
Tape Reader
Display Terminal
Keyboard

Disk Storage
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Card Reader
Compiler

Magnetic Tape

Calibration tests are controlled by the computer. Test station features
include test repeatability, self-test capability and unit under test (UUT)
fault isolation. The stimulus sources are:

Pulse Generator (programmable)
Function Generator (programmable)
Synchro Stimulus

RF Source A (programmable in steps of 100 Hz, 1 kHz, 10 kHz, 20 kHz, and
40 kHz)

Fixed AC Power Supply
DC Power Supply (programmable and fixed)

6.0 ARMY MISSILE SYSTEMS

Missile systems have been one of the first users of tactical ATE due to
their high volume, complexity, and the premium placed on their operational
readiness. This section briefly describes several such systems. The Land
Combat Support System (LCSS) is discussed in Section 5.0 (paragraph 5.9).

6.1 U.S. Roland

The U.S. Roland is an all-weather, short-range air defense system currently
being manufactured in France, Germany, and the United States. The system was
Jointly developed by France and Germany. Hughes Aircraft Company and Boeing
Aerospace Corporation are co-licensees for production of Roland in the United
States for the U.S. Army. The weapon system uses a command-to-1ine-of-sight
missile. The Fire Unit is designed to be self-contained and includes a
surveillance radar with IFF; optical, infrared and radar trackers; an RF
cormand data Tink between command computer and missile; and necessary hydraulic,
environmental control, electrical power, and communications equipment. The
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present DOD program involves the transfer of techrology, fabrication, and
testing of fire units built in this country. Eact country is developing its
own Field Maintenance Test Equipment.

From late 1974 to early 1976, the U.S. Roland Program had planned to
utilize European test equipment. It eventually became evident that the
European test equipment design was not as mature s had been believed by
the U.S. Army. In addition, the Europeans, in 1975, began considering
changing their field maintenance test set (FMTS). This action would have
made the U.S. Army the only user of the original European Roland field test
equipment. After the requirement to select other test equipment became
known, requests were made to the Roland Project Office to consider adapting
one of the existing ATE systems. Schedule constraints prevented this,
however, and the Roland PM contracted for development of a Hughes-designed,
Hewlett-Packard 9500-based system in October 1967.

The support concept for U.S. Roland is: at the organizational level,
faults within the Fire Unit are isolated to the defective assembly, or black
box level, the effective box is replaced, and the Fire Unit is restored to
operation. The defective box, removed at the organizational level, is
returned to the Direct Support Unit for repair. At the Direct Support Unit
the box is tested and repaired, generally by removal and replacement of the
defective module; for example, a printed circuit card. The Direct Support
Unit then verifies proper operation and returns the repaired box to the spares
pool. The removed module will then be repaired az the most cost effective
location, either Ge<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>